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Abstract: Climate-related disasters such as floods and tidal floods impact livelihood 
systems in coastal areas everywhere, particularly in developing countries, 
resulting in a certain degree of livelihood vulnerability. In this paper, we 
examine the spatial exposure and livelihood vulnerability level of Tegal, a city 
in Central Java, Indonesia. Data were collected from 100 household samples 
distributed in the study area. Two types of assessment were performed: a spatial 
assessment with distance analysis and a vulnerability assessment using the 
Livelihood Vulnerability Index (LVI). The results of the study show that 33.80% 
of the settlement area and 22.25% of the fishery area are vulnerable to tidal 
floods. Climate-related disasters also threaten 32.20% of the households 
sampled, whose members work mostly as fishermen and rely on coastal 
resources for their livelihood. A key finding of the study is that the community 
is highly vulnerable with a low adaptive capacity level. This calls for more 
decisive policy interventions to enhance the community’s adaptive capacity and 
reduce its exposure level.  
1. INTRODUCTION 
Coastal areas are on the front line of climate change all over the world. The 
(Intergovernmental Panel on Climate Change, 2007) notes that coastal areas are 
now facing the worst impacts of climate change. Unpredictable changes in 
macroclimate cause other natural environmental changes. For example, climate 
change causes ice to melt in polar regions, which in turn causes sea level rise. 
According to Nhuan et al. (2009), ecosystems in coastal areas are highly 
vulnerable, impacted by coastal hazards such as typhoons, storms, erosion, 
pollution, global climate change and sea level rise. Whilst these phenomena vary 
considerably at regional and local levels, their impacts will certainly be 
devastatingly negative (Pinto & Martins, 2013). The impact of sea level rise is 
evident in coastal areas, where it creates a risk of tidal floods (McGranahan, Balk, 
& Anderson, 2007). However, the risk of tidal floods in coastal areas is not due to 
sea level rise alone; earthquakes can also trigger tsunamis, such as the South Asian 
tsunami of 2004 and the tsunami in Palu, Indonesia, in 2018, where coastal 
communities experienced severe damage. 
In many coastal areas, disasters are the major cause of livelihood deterioration 
among coastal communities and threaten socioeconomic sustainability 
(Fakhruddin & Rahman, 2015; Nanlohy et al., 2015). Generally, a disaster is 
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defined as a phenomenon caused by natural or human factors that can threaten the 
lives and livelihoods of communities and that may generate casualties, 
environmental damage, property loss and psychological impacts (Badan Nasional 
Penanggulangan Bencana (BNPB), 2012). Solidity very much depends on 
people’s resilience and the ability of affected people to recover (Daramola et al., 
2016). On the other hand, coastal areas in developing countries are typically rural, 
and their communities often depend either directly or indirectly on the variety and 
productivity of coastal resources in their vicinity (Osbahr et al., 2008; Shah et al., 
2013). The livelihoods of coastal communities are thus strongly linked to the well-
being of coastal and marine ecosystems (Allison et al., 2009; Ferrol-Schulte et al., 
2015). Their level of vulnerability to climate change is determined by their ability 
to cope with climate change impacts (Dolan & Walker, 2006). Adger, W. Neil 
(2006) explained the vulnerability concept in negative terms as a susceptibility to 
being harmed.  
In terms of response to climate change, a vulnerability assessment is 
acknowledged as a common tool for identifying the existence of impairment in a 
human and ecological system in a specific area (Adger, W Neil et al., 2007). By 
knowing the level of vulnerability, different kinds of scenarios can be proposed to 
address local issues (Ford & Smit, 2004; Preston, Yuen, & Westaway, 2011). 
Researchers use various methods and approaches to assess the degree of 
vulnerability from different perspectives, such as the physical environment, 
socioeconomic development, or a combination of both. The focus of the 
assessment is the human population who directly experience the effects of 
climate-related disasters.  
The human vulnerability assessment was previously proposed by Cutter, 
Boruff, and Shirley (2003) using a social vulnerability index. This assessment 
emphasized the human vulnerability to environmental hazards and then extended 
it to different kinds of hazards such as floods (Bjarnadottir, Li, & Stewart, 2011; 
Flanagan et al., 2011; Tucker et al., 2015). Depending on the type of assessment, 
either socioeconomic or physical environments, or both, are included in social 
vulnerability evaluations (Mainali & Pricope, 2019). However, most vulnerability 
assessments have been carried out using only secondary data referring to specific 
administrative areas (such as the national or regional level), rendering the results 
inaccurate, particularly at the local level (De Sherbinin et al., 2015). Assessment 
on a local scale using local socioeconomic data (either a micro-level survey or 
census data) can describe community livelihood much more accurately, but it 
presents a serious challenge for researchers compiling vulnerability assessment 
indices (Eriksen & Kelly, 2007; Gao et al., 2014; Handayani et al., 2017; Huong, 
Yao, & Fahad, 2019; Kumar, Geneletti, & Nagendra, 2016; Preston, Yuen, & 
Westaway, 2011; Rasch, 2016). Hahn, Riederer, and Foster (2009) proposed a 
Livelihood Vulnerability Index (LVI) to assess human vulnerability to climate 
change, using socioeconomic data collected exclusively from primary sources as 
representative of the region.  
The objective of this article is to identify the distribution of spatial exposure 
and to find out the level of livelihood vulnerability in a specific coastal area that 
is prone to floods and tidal floods. Further, the article attempts to determine which 
areas are more or less exposed to sources of disaster, as well as which vulnerability 
component is more or less relevant. A livelihood vulnerability assessment is 
significant because it takes into consideration all the population’s assets in a 
specific region, including natural, physical, human, financial and social capital. It 
also examines all the necessary activities and accesses to resources that determine 
the living level of each individual or household (Ellis, 2000).  
In this study, we used LVI and combined LVI–IPCC indices to assess the level of 
vulnerability to climate-related disasters of people living in the coastal area in 
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West Tegal sub-district, Central Java, Indonesia. The choice of the LVI method 
(Hahn, Riederer, & Foster, 2009) as a vulnerability assessment tool is on account 
of its ability to assess both physical and socioeconomic aspects, whereas previous  
assessments focused primarily on the physical aspects of a disaster (Eakin & 
Luers, 2006). On the other hand, the(Intergovernmental Panel on Climate Change 
(IPCC), 2001) model has been used by many scholars and is considered a 
powerful tool for vulnerability assessment. Combining the LVI and IPCC indices 
makes the vulnerability assessment more comparable. Though studies on 
vulnerability assessment are commonly found, the results may describe different 
levels of vulnerability as the LVI is location-specific, i.e. closely related to local 
socioeconomic characteristics and the surrounding environment in a particular 
location (Turner et al., 2003). 
2. LIVELIHOOD VULNERABILITY 
The degree of vulnerability of any system is reflective of the exposure and 
sensitivity of the concerned system to risk circumstances or adverse effects, and 
its ability to cope, adapt or recover from the effects of these conditions (Bosello 
& De Cian, 2014; Smit & Wandel, 2006). Thus, vulnerability is a function of 
exposure, sensitivity and adaptive capacity (Intergovernmental Panel on Climate 
Change, 2007; Yoo, Kim, & Hadi, 2014; Glick, Stein, & Edelson, 2011). The 
vulnerability level in a certain region can be perceived from its exposure to the 
negative impacts of climate change; sensitivity is the responsiveness that renders 
it more or less susceptible to exposure, and adaptive capacity is the ability to cope 
with the impacts of climate change (Buotte et al., 2016; Intergovernmental Panel 
on Climate Change, 2007). Exposure to climate change can be explained by the 
characteristics, magnitude and rate of climate variation (Ebi, Kovats, & Menne, 
2006). Sensitivity refers to the magnitude of a system’s response to an external 
disturbance; it can be positive or negative (Allison & Ellis, 2001; Shah et al., 
2013). While adaptive capacity has a positive impact on vulnerability, it depends 
on local livelihood options and strategies (Dulal et al., 2010). 
The livelihood vulnerability assessment using the LVI is an adjusted form of 
the Sustainable Livelihood Approach (SLA), which was used previously by the 
United Nations. The SLA considers five types of assets: natural, social, financial, 
physical and human (Ferrol-Schulte et al., 2015; Glavovic & Boonzaier, 2007). It 
captures the sensitivity level and adaptive capacity of communities while also 
integrating exposure to climate change (Hahn, Riederer, & Foster, 2009). The 
livelihood approach in climate change vulnerability assessments can also be used 
to understand the impacts of environmental changes (Shameem, Momtaz, & 
Rauscher, 2014). A sustainable livelihood can be achieved if a community is able 
to cope with, and recover from, stresses and shocks while also maintaining or 
enhancing its capabilities and assets without devastation to its natural resources 
(Khayyati & Aazami, 2016). There are seven main components of a livelihood 
vulnerability assessment conducted using LVI: socio-demographic profiles, 
livelihood strategies, social networks, health assurance, water resources, housing, 
and the variability of climate and natural disasters.  
In practice, a vulnerability assessment encompasses two major aspects: the 
comparison of vulnerability within the community, and determining which 
component drives the level of vulnerability inside the community 
(Intergovernmental Panel on Climate Change (IPCC), 2001). In this regard, the 
IPCC model is an influential analytical tool applied by many researchers. An 
indicator-based vulnerability assessment was developed by Hahn, Riederer, and 
Foster (2009) within the framework introduced by the IPCC and has been used in 
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various contexts (Madhuri, Tewari, & Bhowmick, 2014; Panthi et al., 2016; Shah 
et al., 2013; Tjoe, 2016; Can, Tu, & Hoanh, 2013). The LVI proposes three types 
of indices and then draws comparisons based on the different indicators. The LVI 
is a composite index of the seven main components described above, while in the 
IPCC approach these seven components are grouped into three vulnerability 
variables: exposure, sensitivity and adaptive capacity. However, different methods 
for assessing vulnerability are available, with various highlights and components; 
there is no consensus on which method is ideal (Huong, Yao, & Fahad, 2019). 
Where weighted models are applied, some research may apply equally-weighted 
components and others may not. The definition of the LVI and the use of a 
combined LVI–IPCC approach are aimed to help practitioners, researchers and 
policymakers with an easy-to-use tool for assessing vulnerability to climate-
related disasters at varying local levels. 
3. STUDY AREA 
The study area for this research is located in the West Tegal sub-district of 
Tegal city, Indonesia, as shown in Figure 1. This area was chosen because the 
majority of its inhabitants work as fishermen, whose livelihoods are especially 
vulnerable to coastal climate disasters. Though part of the city of Tegal, West 
Tegal sub-district has its own characteristics; its sought-after location has resulted 
in intense urbanization, making it prone to coastal disasters (Handayani et al., 
2017). According to Gibbes, Southworth, and Keys (2009), a community’s 
dependence on wetlands tends to increase with physical proximity. The sub-
district consists of seven urban villages (known as kelurahan): Pesurungan Kidul, 
Kraton, Debong Lor, Tegalsari, Kemandungan, Muarareja and Pekauman.  
West Tegal is the largest of four sub-districts in Tegal, a medium-sized city in 
the northern part of Central Java with a total surface area of 39.68 km2. The West 
Tegal sub-district occupies about 38% of the city’s total area, or 15.13 km2. A total 
of 276,734 people reside in Tegal, 24.7% (68,354) of whom live in West Tegal. 
The population density of West Tegal is about 4,518 people/km2, or 0.6 times that 
of the city, which has an overall density of 6,974 people/km2.  
Like other coastal areas in Tegal, West Tegal experiences climate-related 
disasters such as tidal floods, flash flooding and flood inundations (Handayani et 
al., 2019). Tidal floods take place due to land subsidence and sea-level rise. Flash 
flooding is the consequence of the ground’s inability to absorb all the rainfall and 





Figure 1. Study area and distribution of sampled households 
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densely populated urban areas with poor drainage systems. Figure 2 shows the 
physical condition of settlement in the study area. 
  
4. DATA AND METHODS 
4.1 Data collection 
In this study, data collection was performed by a micro-level survey with 
questionnaire distribution at the household level. The micro-level survey was 
intended to capture real vulnerability conditions as the information came directly 
from the source. To fulfil the data requirements of a micro-level survey, a random 
sampling technique was applied to select 100 households in the study area. Simple 
random sampling ensured that every sample unit had an equal chance of being 
selected for this research.  
Standardized questionnaires were distributed to collect data about livelihood 
conditions in the study area. The questionnaire was intended to collect 
information on the characteristics and typologies of each household with respect 
to livelihood vulnerability to floods and tidal floods. These characteristics and 
typologies include socio-demographic profiles, livelihood strategies, social 
networks, health conditions, water resources, housing and the variability of 
natural disasters and climate.  
One of the main obstacles in data collection – besides finding available 
households – was the varying level of education of the participants. Those with a 
higher level of education understood the questionnaire relatively well, but more 
effort was required to explain the questions to less educated participants. 
Therefore, adequate skills and knowledge in dealing with the local situation were 
very important. See Figure 1 for sample distribution in the study area.  
4.2 Assessing the spatial exposure of sampled households  
Assessment of spatial exposure was performed by comparing the location of 
distributed household samples to the source of climate-related disasters, such as 
coastline and rivers, and grouping the level of climate-related disasters into 
particular classes. The comparative analysis was intended to measure how far the 
household samples were from a disaster source. This was done through a distance 
analysis. To get the final result on how far a sampled household was from a source 
of disaster, a cross-classification between the number of sampled households and 
distance was employed. However, physical variables such as road system, 
topography and elevation were expected to affect the results. The possibilities for 
cross-classification in this analysis are shown in Figure 3.  
a) b) 
Figure 2. (a) Settlement adjacent to river and (b) settlement equipped with dyke 
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Meanwhile, grouping analysis was applied in order to identify the classified 
frequency of a climate-related disaster that occurred in the study area. A spatial 
interpolation approach was employed to estimate the value of disaster intensity in 
a specific location from the household survey data. According to Zhang and 
Goodchild (2002), spatial interpolation methods estimate the variables at 
unobserved locations in the geo-space based on the values at observed locations. 
By applying the interpolation method, data for the whole study area can be 
generated, including for areas where no data were available (Rudiarto, Handayani, 
& Sih Setyono, 2018).  
This study used the Inverse Distance Weighting (IDW) interpolation method. 
However, this method can yield unrealistic values, especially at the edge of the 
study surface. To avoid this, Lentes (2003) suggests classifying the grid layers 
into the desired classes. Desirable classes divide grid layers into specific divisions, 
leading to subtler results. The calculation of the interpolation method is derived 
from a weighted mathematical function, which can be described as follows 
(Shekhar & Xiong, 2007): 
 
In Equation (1), w (x, y) is the predicted value at location (x, y), n is the number 
of nearest known points surrounding (x, y), i are the weights assigned to each 
known point value wi at location (xi, yi), di are the two-dimensional Euclidean 
distances between each (xi, yi) and (x, y), and p is the exponent, which influences 
the weighting wi on w. 
4.3 Assessing the Livelihood Vulnerability Index (LVI)  
The LVI model used in this study was based on previous research by Hahn, 
Riederer, and Foster (2009) and Shah et al. (2013). Following these two studies, 
with some modification, seven main components for livelihood vulnerability 
assessment were selected: socio-demographic profiles, livelihood strategies, 
social networks, health, water resources, housing and natural disaster and climate 
variability (see Table 1 for details). However, we are aware that infrastructure 
conditions and level of development may also significantly influence the 
vulnerability of a community. Since our intention is to describe the level of 
livelihood vulnerability, we assess livelihood from the household perspective. 
Table 1. Livelihood Vulnerability Index (LVI) design 






(1) Dependency ratio ratio Dependency ratio of the household’s 
members under 15 and over 65 years of age 
to the household’s members between 19 and 
64 years of age. 
Distance to river 1 
Households 
sampled 
n = 100 
Distance to coastline 1 
Distance to river 2 Distance to coastline 2 
Distance to river 3 Distance to coastline 3 
Figure 3. Combination typology of cross-classification 
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(2) Percentage of households 
where the head of the 
household did not attend 
school 
percent Percentage of households where the head of 
the household did not complete primary 
school. 
(3) Average number of family 
members in household 
number of 
persons 
Average number of members of each 
household who live in the same home. 
Livelihood strategies   
(4) Percentage of households 
that depend on the coastal 
resources for their income 
percent Percentage of households that have activity 
in the coastal sector as their primary income. 
(5) Percentage of households 
that have livelihood 
alternatives 
percent Percentage of households that have 
livelihood alternatives to support their main 
income, in the coastal sector or other. 
(6) Percentage of households 
that have saving ability 
percent Percentage of households that have saving 
ability to cope with hazard events. 
Social networks   
(7) Percentage of households 
who asked for help from 
their neighbourhood or local 
government in the previous 
12 months 
percent Percentage of households who asked for 
help from their neighbourhood or local 
government in the form of financial aid or 
other. 
Health   
(8) Average time needed to 
reach a health facility 
minutes Average time needed to reach the closest 
health facility, such as the local public health 
centre/puskesmas or hospital. 
(9) Percentage of households 
that do not have health 
insurance 
percent Percentage of households that do not have 
health insurance to cope when they become 
ill. 
Water resources   
(10) Percentage of households 
that use natural water 
resources 
percent Percentage of households that obtain their 
clean water from a source other than a local 
water company, i.e. from a well, river, 
rainwater harvesting or other. 
Housing   
(11) Percentage of homes that 
are vulnerable to disasters 
percent Percentage of dwellings that are vulnerable 
to disasters, such as tidal floods or local 
floods. 
(12) Percentage of homes that 
did not raise their floor to 
prevent flood hazard 
percent Percentage of dwellings that are not able to 
keep out tidal floods or local floods because 
of failure to raise the floor.  
(13) Percentage of households 
that do not have access to 
sanitation 
percent Percentage of households that do not have 
access to sanitation in their building. 
Natural disaster and climate variability 




Average number of disaster events, such as 
tidal flood and local flood, in the last three 
years. 
(15) Percentage of households 
that lost their physical assets 
because of flood or tidal 
flood 
percent Percentage of households that lost their 
physical assets because of natural disasters 
and climate variability to an extent that their 
livelihood strategies are impacted. 




Average distance to the coastline. The closer 
the coastline, the higher the risk of tidal 
flooding. 




Average distance to the nearest river. The 
closer the river, the higher the risk of local 
flooding because of river overflow. 
Sources: (Ahsan & Warner, 2014; Donohue & Biggs, 2015; Fang et al., 2014; Hahn, 
Riederer, & Foster, 2009; Liu & Liu, 2016; Morzaria-Luna, Turk-Boyer, & Moreno-
Baez, 2014; Shah et al., 2013)  
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In the LVI model, all components are considered equal in weight (Hahn, 
Riederer, & Foster, 2009). Each component makes an equal contribution to the 
index (Shah et al., 2013). Five steps were applied, as follows: 
 
1. Transforming raw data into an appropriate measuring unit. 
2. Standardization of each sub-component adopted from the Human 
Development Index calculation (United Nations Development Programme 
(UNDP), 2007): 
index =
actual value − min.  value
max.  value − min.  value
 ………………………………………… 2) 
3. After each sub-component was standardized, the sub-components were 
averaged to obtain the value of each main component. The scores of 








M is one of the seven main components, which is the vulnerability score for 
each component; the index si represents the sub-components indexed by i that 
make up each main component; and n is the number of sub-components in each 
main component. 
4. The LVI results for each component were ranged into a scale from 0 
(least vulnerable) to 0.42 (most vulnerable). These values are the 
maximum and minimum values of each main component in the LVI 
model. 
 
5. The overall LVI score was calculated as the average score of the seven 
components. These values are the maximum and minimum values of 








LVI is the vulnerability index, which is the average of the seven main 
components; Mc is the score of each main component derived from the 
subcomponents; and n is the number of components. 
4.4 Assessing the LVI-IPCC 
According to the Intergovernmental Panel on Climate Change (2007), 
vulnerability is defined as a function of exposure, sensitivity to climate change 
and adaptive capacity (i.e. the ability of a system to cope with climate change 
impacts). The model developed by the IPCC uses the same data as the LVI model, 
but the LVI’s seven main components are categorized into three vulnerability 
groups, as shown in Table 2. 
The value of each vulnerability component is derived from the average value 
of the main components. The utilization of that value continues in the 
vulnerability index calculation, as follows (Hahn, Riederer, & Foster, 2009): 
LVI-IPCCd= (ed – ad) * sd ..……………………………………… 5) 
The LVI–IPCCd equation expresses a vulnerability index for a community in 
district d; ed is defined as the exposure value of a community in district d (derived 
most vulnerable least vulnerable 
0.21 0.00 0.42 
42 IRSPSD International, Vol.8 No.3 (2020), 34-53  
 
from the value of natural disaster and climate variability); ad is defined as adaptive 
capacity value (derived from the average value of socio-demographic profiles, 
livelihood strategies and social networks values); and sd is defined as a sensitivity 
value (sum of the average value of health, water resources and housing values). 
The IPCC model is scaled from -1 (least vulnerable) to +1 (most vulnerable). 
Table 2. Mapping of LVI main components to the IPCC model 
IPCC vulnerability components LVI main components 






Exposure Natural disaster and climate variability 
5. RESULTS AND DISCUSSION 
5.1 Spatial Exposure 
Based on Central Bureau Statistic (CBS) (2014), about 32.20% of West 
Tegal sub-district communities work as fishermen. However, Tegal’s coastal 
area is affected by climate-related disasters such as floods and tidal floods. 
According to previous research by Zulaykha, Subardjo, and Atmodjo (2015), 
land for housing and fishery in Tegal’s coastal area is vulnerable to tidal 
floods. As shown in Figure 4, most of the coastal areas in the study area 
(Muarareja and Tegalsari) are vulnerable to tidal floods and others to local 
floods. The figure also shows that most of the residential areas (depicted in 
yellow) are vulnerable to tidal floods because they are within 1–2 km of the 
coastline. Improving the house structure is a common remedy in this area as 
it may prevent water from entering the house. The unsuitable drainage system 
in the study area worsens its exposure in terms of health and environmental 
issues.  
Concerning exposure to climate-related disaster events, either tidal floods or 
floods, the study area was classified into three groups based on the frequency of 
events occurring there per year: less than three events, three to five events and 
more than five events, as shown in Figure 5. The spatial distribution of disaster 





Figure 4. Land use and hazards map 
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the most frequent events (more than five events) was close to the coastline. Most 
of the households in Muarareja and Tegalsari were exposed to tidal floods. The 
highest level of tidal flooding in these two kelurahan was commonly found in the 
rainy season, when the tidal wave is high. In kelurahan Kraton and Pekauman, 
disaster events were found to occur about three to five times, and less than three 
times in parts of kelurahan Pekauman. Fewer disaster events were discovered in 
other kelurahan areas such as Kemandungan, Pasurungan Kidul and Debong, 
each of which experienced less than three events per year. This shows that the 
closer the area to the coastline, the higher the level of exposure to climate-related 
disasters. Therefore, a greater effort needs to be made in certain areas. 
Exposure to floods and tidal floods is dependent on the location of each 
household relative to the coastline as well as to rivers. Based on the distributed 
household samples, the average distance of households to the coastline was 1.48 
km, with the largest distance being 3.65 km and the smallest 0.32 km. The average 
distance to a river was found to be about 0.59 km, with 1.06 km being the farthest 
and 0.05 km the nearest. 
 
As shown in  and Figure 7a, distance to the coastline was grouped into four 
classes: less than 1 km, 1–2 km, 2–3 km and more than 3 km. The intention in 
creating those classes is to show the exposure probability that the distributed 










Figure 6. Distance to the coastline 
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tidal floods. The figure also shows that both kelurahan Muarareja and Tegalsari 
contain areas that are less than 1 km from the coastline. With the relatively close 
distance to the coastline, all the households located within this area are exposed 
to tidal floods. As shown in Figure 7a, the area closest to the coast had the largest 
number of household samples. 
 
 
There are two major rivers in the study area: one in West Tegal sub-district 
and the other in East Tegal sub-district (see Figure 8). Distance to the river is 
grouped into four classes: less than 0.3 km, 0.3–0.5 km, 0.5–0.7 km and more than 
0.7 km. The exposure of households to the impacts of floods from the river is 
greater for households located close to a river. Most of the household samples in 
the study area are located more than 0.7 km from either river. In kelurahan 
Tegalsari, however, most of the household samples are situated within 0.3 km of 
the river and are therefore more vulnerable. 
 
The existence of households living close to the coastline as well as a river 
contributes to a higher level of vulnerability since the area would be a frontline 
area for both floods and tidal floods (Barbier, 2015; Can, Tu, & Hoanh, 2013). 
According to (Badan Perencanaan Pembangunan Penelitian dan Pengembangan 
Daerah (BP4D), 2017), among the four sub-districts in Tegal, West Tegal has the 
second-highest flood risk. Annually, the duration of tidal floods, which affect 90 
ha of West Tegal, is equal to three days. The frequency is approximately five times 
a year; the depth is 0.2–0.6 m on average. As shown in Table 3, kelurahan 
Tegalsari experiences the worst flooding, with total area of 11.01 ha affected, 
followed by kelurahan Pesurungan Kidul (9.61 ha). The surface area that is 
flooded in these two kelurahan is significantly greater than in the other five 
kelurahan in West Tegal, where less than 3 ha are typically flooded. 
a) b) 





Figure 8. Distance to rivers 
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Pesurungan Kidul 9.61 34.07 13,124 5,396 41.12 
Debong Lor 2.60 9.21 5,244 4,137 78.89 
Kemandungan 1.17 4.15 6,516 5,238 80.39 
Pekauman 0.49 1.75 15,852 12,929 81.56 
Kraton 2.08 7.37 16,314 12,928 79.24 
Tegalsari 11.01 39.03 30,454 17,894 58.76 
Muarareja 1.37 4.87 7,818 4,333 55.42 
Source: B4PD, 2017 
In terms of the availability of drainage infrastructure, the kelurahan in West 
Tegal that have a lower risk of floods and tidal floods generally have a greater 
portion of their system in settlement areas. Kelurahan Pekauman, which has an 
extensive drainage system in its settlement areas, also has the smallest area (0.49 
ha) affected by floods. It shows that the availability of drainage infrastructure can 
significantly reduce the risk of flooding in affected areas. As shown by (Rudiarto 
et al., 2018) and Handayani et al. (2017), most of the settlement areas on the north 
coast of Central Java, including Tegal, have poor infrastructure. Due to their 
devastating impact on Tegal, floods have become a key issue, so the local 
government has been allocating more than 70% of the local budget to irrigation 
and flood control measures such as polders, pool retention, dike construction, 
river normalization, seawall development and drainage improvement and 
maintenance (Handayani et al., 2019). Better land use planning to control 
development is also an important strategy to mitigate disaster risk, as well as the 
implementation of early warning systems to improve disaster awareness. Land use 
planning is useful to identify disaster-prone areas so that future development 
projects can be located in less vulnerable areas.  
5.2 Livelihood Vulnerability Assessment 
The standardized values of each sub-component produce the value of each 
main component in the LVI model, as shown in Table 4. Socio-demographic 
profiles in the West Tegal sub-district have a value of 0.31, with the greatest 
contribution coming from the average number of family members, with a value 
of 0.50. Tizale (2007) explains that many family members can raise the 
opportunity of other family members to support family incomes, both from 
primary sectors in their community and others. The dependency ratio and 
percentage of households where the head of the household has not attended 
primary school have values of 0.25 and 0.19, respectively. The dependency ratio 
compares the number of family members who are of non-productive age with 
those of productive age. Productive-age members of a family have a duty to 
support the non-productive ones. When the head of a household has not attended 
primary school, the family is less adaptive to climate change impacts because of 
limited knowledge. 
Household livelihood strategies in West Tegal have a value of 0.30, the 
highest contributor being the percentage of households that have saving ability, 
with a value of 0.37. The percentage of households that have the ability to save 
explains how many households have financial adaptive capacity. The proportion 
of households that depend on the coastal sector for their income is 0.29, and the 
proportion of households that have livelihood alternatives is 0.25. Most of the 
inhabitants in the study area depend on available local support resources, so the 
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disturbance of these resources directly influences income generation (Rudiarto, 
Rahmawati, & Sejati, 2020) and consequently threatens saving ability. 
In terms of social networks, the LVI index shows a value of 0.1. The value 
represents the percentage of households that asked for help from their 
neighbourhood or local government in the last 12 months. The number of 
neighbourhoods that are still able to provide help to their inhabitants shows the 
existence of social networks that contribute to adaptive capacity.  
The health main component has a value of 0.37, its highest contribution 
coming from the average time needed to reach a health facility. The average travel 
time to a health facility explains whether the distribution of health facilities in 
West Tegal sub-district is equal or not, while health insurance captures the 
availability of health services during times when the community is exposed to 
climate-related disasters. 
Table 4. Calculation of livelihood vulnerability index 












Percentage of households 
where the head of the 
household did not attend 
school  
% 19.00 100.00 0.00 0.19 
Average number of 





5.00 8.00 2.00 0.50 
Percentage of households 
that depend on the coastal 
sector for their income 
% 29.00 100.00 0.00 0.29 Livelihood 
strategies 
0.30 
Percentage of households 
that have livelihood 
alternatives 
% 25.00 100.00 0.00 0.25 
Percentage of households 
that have saving ability 
% 37.00 100.00 0.00 0.37 
Percentage of households 
who asked for help from 
their neighbourhood or 
local government in the 
previous 12 months 
% 10.00 100.00 0.00 0.10 Social 
networks 
0.10 
Average time needed to 
reach a health facility 
minutes 7.98 10.00 5.00 0.60 Health 0.37 
Percentage of households 
that do not have health 
insurance 
% 15.00 100.00 0.00 0.15 
Percentage of households 
that use natural water 
resources 
% 42.00 100.00 0.00 0.42 Water 
resources 
0.42 
Percentage of housing 
that are vulnerable to 
disasters 
% 18.00 100.00 0.00 0.18 Housing 0.18 
Percentage of homes that 
did not raise their floor to 
prevent flood hazard 
% 15.00 100.00 0.00 0.15 
Percentage of households 
that do not have access to 
sanitation 
% 20.00 100.00 0.00 0.20 
Average number of 
disaster events  
Total 
events 





Percentage of households 
that lost their physical 
assets because of flood or 
tidal flood 
% 10.00 100.00 0.00 0.10 
Average distance to the 
coastline 
km 1.48 3.65 0.32 0.32 
Average distance to the 
nearest river 
km 0.59 1.06 0.05 0.54 
Overall LVI Value: 0.29 
Note: The vulnerability index value from the LVI model is 0.29, which implies vulnerability to climate change. The LVI is 
scaled from 0 (least vulnerable) to 0.5 (most vulnerable). 
The water resources component explains how households in West Tegal meet 
their needs for clean water. It has a value of 0.42, indicating that some households 
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still use natural water resources. It has a greater sensitivity level because natural 
water resources such as wells, rain and rivers are exposed to pollutants from 
climate-related disasters and therefore may have lower water quality.  
The housing main component has a moderate value of about 0.18, with the 
greatest contribution coming from the percentage of households that do not have 
access to sanitation, followed by the percentage of households impacted by floods 
and tidal floods and households with a raised floor. Households with no access to 
sanitation in their building have a greater sensitivity to climate change, so 
increasing access to sanitation is an important strategy for climate change 
adaptation (McGranahan, Balk, & Anderson, 2007). Similarly, Kundzewicz et al. 
(2008) state that adaptation to climate change must consider factors not related to 
climate change that can remove pollutants from water resources, such as adequate 
sanitation.  
Natural disaster and climate variability explains how great is the stress of 
climate-related disasters on West Tegal’s environment. The value of this main 
component is 0.41. The average number of disaster events makes the largest 
contribution, with a value of 0.63. It shows that the West Tegal sub-district is 
highly exposed to the impacts of climate-related disasters. Households’ distance 
to the coastline or a river can raise the district’s exposure level. Proximity to a 
coastline can raise exposure to tidal floods, while proximity to a river raises 
exposure to local floods due of river overflow. 
 
In the last analysis performed in this study, the components of the previously 
calculated LVI were assessed and grouped into three main categories of 
vulnerability (adaptive capacity, sensitivity and exposure), which were then 
turned into a spider diagram that describes the vulnerability level of each 
component. The spider diagram for the main components of the LVI model is 
presented in Figure 9a, which shows the contribution of each main component to 
the livelihood system vulnerability. As can be seen in the figure, the main 
component that makes the largest contribution to the vulnerability index is natural 
disaster and climate vulnerability. It explains that the West Tegal sub-district, as a 
coastal area, is vulnerable to climate-related disaster variability. Similarly, Barbier 
(2015) stated that coastal areas everywhere are on the front lines of climate change 
exposure and their communities are vulnerable, especially poor ones. The main 
component with the smallest contribution is social networks, however other 
research has shown these are known to play an important role in developing social 
resilience (Adger, W. Neil et al., 2005).  
In the assessment of LVI combined with the IPCC model, three major 
components were included. As shown in Figure 9b and Table 5, exposure level 
makes the greatest contribution to the index in the joint LVI–IPCC model. The 
LVI-IPCC calculation result shows that the coastal community livelihood system 
in the West Tegal sub-district is vulnerable to climate-related disasters. Based on 
the value of the vulnerability index in both the LVI and the LVI–IPCC models, 
the West Tegal sub-district is categorized as highly vulnerable. In the LVI model, 
a) b) 
Figure 9. Vulnerability spider diagram for the LVI (a) and LVI–IPCC (b) models 
48 IRSPSD International, Vol.8 No.3 (2020), 34-53  
 
the value of the vulnerability index is about 0.29, which is in the most vulnerable 
category. Similarly, the calculation using the LVI–IPCC model yields a value of 
about 0.06, closer to +1 than -1, making the study area vulnerable. However, 
despite its advantages in data and value flexibility, the LVI method mostly 
captures local conditions and may not be suitable for other populations (Hahn, 
Riederer, & Foster, 2009). An adjustment to local conditions is needed to 
determine the sub-components which may enrich the more adaptable method, as 
LVI and LVI–IPCC are locally specific. 
Table 5. Calculation result of the LVI-IPCC model 
Vulnerability component Value 




Note: The vulnerability index value of the LVI–IPCC model is 0.06, which is in a vulnerable category. The 
LVI–IPCC model is scaled between -1 (least vulnerable) to +1 (most vulnerable). 
This study confirms that the livelihood system in the West Tegal sub-district 
is vulnerable because of a low capacity to adapt at the household level, hence it 
cannot cope with exposure to disasters such as tidal floods and floods. Similarly, 
Handayani et al. (2017) found that vulnerability in a small city was due to its lack 
of adaptive capacity rather than exposure or sensitivity. Our results are also in line 
with the research done by Buchori et al. (2018) and (Rudiarto et al., 2020), which 
indicated that structural adaptive capacity is a crucial factor in reducing 
vulnerability in the coastal areas of Semarang, Central Java. Huoang et al. (2018) 
showed that lower adaptive capacity and sensitivity resulted in high exposure in 
Hien Long commune, which also raised its vulnerability level compared to two 
other communes in Northwest Vietnam. Lack of adaptive capacity was found as 
the major contributor to vulnerability in some parts of rural Nepal (Pandey & 
Bardsley, 2015; Panthi et al., 2016). Lower adaptive capacity is believed to be the 
principal cause of vulnerability, particularly in developing countries (Füssel, 
2010). Furthermore, according to Wisner et al. (2004), the main issue with 
vulnerability is not the hazard but rather critical livelihood conditions that affect 
the ability of a person or community to respond to a hazardous occurrence. 
However, despite the predominance of adaptive capacity found in this study, 
exposure and sensitivity remain important contributors to vulnerability. 
It is clear that the level of vulnerability is significantly related to the sub-
components or indicators chosen in the primary survey (Hahn, Riederer, & Foster, 
2009). In this study, we used the sub-components that are directly associated with 
the livelihood values and assets of the households sampled with regard to floods 
and tidal floods. Therefore, the diversification of livelihoods would substantially 
improve the community’s adaptive capacity and reduce its vulnerability. As the 
livelihood system is tied to small-scale economics, establishment of a livelihood 
framework is crucial to shape a more applicable indicator system in vulnerability 
assessments. This suggests that a more local framework of essential liabilities 
should be created for the human–environment relationship, including biophysical 
and social environments (Dolan & Walker, 2006), which can be derived 
specifically from the understanding of how the coastal community is affected 
based on its vulnerability. The involvement of the coastal community in a self-
assessment, where the residents can determine which factors are more closely 
linked to their livelihood vulnerability, would make the assessment more accurate. 
This is also a suitable approach to encourage the community’s engagement in 
understanding their living environment. 
Rudiarto & Pamungkas 49 
 
6. CONCLUSION 
The high level of livelihood vulnerability found in the study area is driven 
especially by natural disaster and climate variability. This indicates that 
households are prone to climate-related disaster variability, which may also 
impact their quality of life. Assessment of the coastal households in the West Tegal 
sub-district using both LVI and LVI–IPCC models place the sub-district within 
their most vulnerable level. The sub-district has a high level of exposure and 
sensitivity to climate-related disasters and a low level of adaptive capacity. The 
coastal community can barely cope with climate change impacts such as tidal 
floods and floods. This suggests the need for a more adaptive livelihood system.  
The coastal community in West Tegal sub district could raise their adaptive 
capacity by developing their social networks. This can be achieved by developing 
networks such as a fishermen’s communities. Through such a community, 
livelihood alternatives and social insurance could be enhanced. Building 
communal infrastructure can improve access to sanitation, whilst local 
governments can develop adaptive capacity by building preventive infrastructure, 
such as tidal breakwaters and river dikes. It is also important to avoid land use 
conversion in coastal areas to prevent serious environmental degradation.  
The application of the LVI and LVI–IPCC models is useful in understanding 
the components and sub-components of vulnerability. It shows how 
socioeconomic and physical environments can shape vulnerability at the local 
level, where more or less vulnerable components can be directly identified. This 
study can also be used by practitioners, researchers, local governments and other 
stakeholders to choose the right interventions. Despite its usefulness, however, 
this study constitutes a locally-based approach in which the selection of suitable 
indicators is especially important. Therefore, designing the indicators of each 
component requires extensive gathering of information from different sources, 
including a literature review, reputable experts and the community itself. 
Moreover, this study analysed only one community, but it would be beneficial to 
conduct this type of research on multiple communities to compare vulnerability 
levels among them.  
This study conducted the assessment at both regional and local levels with 
different emphases. The purpose of covering both levels is to highlight the fact 
that an assessment at the local level is not possible without also understanding 
spatial conditions at the regional level. Even though the emphasis of each 
assessment is different, they complement each other. The spatial assessment on a 
regional scale reveals the distribution and grade of vulnerable areas, providing 
research background on the local-level assessment. The local-level assessment 
shows the people’s vulnerability, thus improving the regional vulnerability 
assessment. Furthermore, the combination of regional and local assessments 
presents a great opportunity for future research to describe livelihood 
vulnerability conditions in a way that is more spatially comparable. 
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